This study was conducted in a rainforest ecology of Southwestern Nigeria during 2016 and 2017 cropping seasons under rainfed conditions to estimate character association and path coefficient of grain yield (t ha -1 ) and its component characters, to identify characters whose selection could be used in improving maize grain yield (t ha -1 ). Fourteen late-maturing pro-vitamin A maize (PVAM) synthetics were conducted in a randomized complete block design with three replications. The following agronomic characters were recorded: plant stands per plot, days to 50% tasselling, days to 50% silking, anthesis-silking interval, plant height (cm), ear height (cm), number of ears harvested, field weight (kg), and grain yield (t ha -1 ). In both 2016 and 2017, plant stands per plot, the number of ears harvested and field weight (kg) correlated positively and significantly with grain yield (t ha -1 ) at the phenotypic and genotypic levels. Also, in both years, positive and significant phenotypic and genotypic correlations were found for plant stands per plot with number of ears harvested and field -1 ).
weight (kg), days to 50% tasselling with days to 50% silking, plant height (cm) with ear height (cm) and number of ears harvested with field weight (kg). Path analysis for both years at the phenotypic and genotypic levels identified field weight (kg) and the number of ears harvested to have a positive direct effect on grain yield (t ha -1 ), an indication that optimum plant population per plot is paramount to increasing grain yield (t ha -1 ). Hence, the number of ears harvested and field weight (kg) are characters that could be considered in the improvement of maize grain yield (t ha
INTRODUCTION
Maize is regarded as an important socioeconomic crop which serves as a staple for more than 1.2 billion people globally [1, 2] and over 300 million people in Africa [3] . It also serves as a source of animal feed and raw materials for many agro-based industries [4, 5] . Its production cuts across varying agro-ecologies, thriving well in six of the seven continents of the world [6] . Maize is the most-produced cereal worldwide, having the highest average yield per hectare [7] . Conversely, in developing countries like Nigeria, the average grain yield of maize (1.76 t ha -1 ) has been suboptimal [7] .
Grain yield, without doubt, is the most economically important character in maize; the major reason its improvement is the focus of many maize breeding programmes. However, grain yield is a complex trait; a product of many components which subjects it to high environmental influence. As a result, direct selection would not be effective and efficient [8, 9] . Only a better understanding and knowledge of the interrelations between grain yield and its contributing components through the use of correlation and path coefficient analysis can significantly improve the efficiency of breeding programmes through the use of appropriate selection indices [10] .
Correlation analysis expresses the extent of association between and within characters and as well reveal the degree to which characters vary together. It is useful in identifying important character(s) in any selection programme. However, the association of characters determined by correlation may not give a clear picture of the relative importance of each of these components. Therthappa [11] and Aycicek and Yildirim [12] noted that path coefficient analysis provides more information among variables than correlation coefficients showing the "path" through which each of the yield components influences yield.
The path coefficient analysis partitions the correlation coefficient into direct and indirect causes of association and provides the information on the actual contribution of a trait on yield [13, 14] . Thus, path coefficient analysis helps in formulating the selection criterion based on these direct and indirect effects. Therefore, the objectives of this study are to estimate the extent of association among agronomic characters responsible for yield and its components at both the genotypic and phenotypic levels and thereby compare the direct and indirect effects of the characters, purposely to identify characters whose selection could be used in improving maize grain yield.
MATERIALS AND METHODS
The present study conducted to assess correlation and path coefficient of grain yield (t ha [15] were followed in raising a healthy experimental maize crop. The following parameters viz., plant stands per plot, days to 50% tasselling, days to 50% silking, anthesissilking interval, plant height (cm), ear height (cm), number of ears harvested, field weight (kg), and grain yield (t ha -1 ) were recorded. Fifteen plants per plot were tagged at random from which data such as plant height (cm) and ear height (cm) were taken. Grain yield (t ha -1 ) was estimated using the formula: grain yield = (((field weight x (100 -grain moisture) x 80 x 10000) ⁄(85 x 5 x 0.75 x 100))) ⁄1000. The standardized trait mean values were pooled and used to investigate correlation and path coefficient analysis. Correlation analysis was done using PBTools version 1.3 statistical package while path coefficient analysis was achieved by the R software version 3.3.3 with the help of the Agricolae package (R Development Core Team 2014).
RESULTS

Phenotypic Correlation
The phenotypic correlation coefficient (r p ) for nine agronomic traits of 14 late-maturing PVAM varieties evaluated in 2016 and 2017 is presented in Table 1 . Plant stands per plot (0.665, 0.662), the number of ears harvested (0.729, 0.693) and field weight (kg) (0.999, 0.999) had significant and positive r p with grain yield (t ha -1 ) both in 2016 and 2017, respectively. Field weight (kg) showed significant and positive r p with plant stands per plot (0.691, 0.668), and the number of ears harvested (0.747, 0.687) in both 2016 and 2017, respectively. The number of ears harvested showed significant and positive r p with plant stands per plot (0.939, 0.842). Ear height (cm) showed significant positive r p with plant height (cm) (0.797, 0.898) in 2016 and 2017, respectively. Days to 50% silking had significant positive r p with days to 50% tasselling. Significantly negative r p were observed between plant stands per plot and days to 50% tasselling (-0.459) and days to 50% silking (-0.353) for 2017.
Genotypic Correlation
Genotypic correlation coefficients (r g ) among the nine agronomic traits of 14 late-maturing PVAM varieties evaluated in 2016 and 2017 are presented in Table 2 . Akin to results in the phenotypic correlation, grain yield (t ha 
Path Analysis between Grain Yield (t ha -1 ) and its Related Traits
At phenotypic level
Phenotypic correlation coefficients were partitioned into direct and indirect effects for both years (2016 & 2017) under study. Results (Table 3) showed field weight (kg) (1.028, 1.001), days to 50% tasselling (0.348, 0.460), anthesissilking interval (0.088, 0.175) and the number of ears harvested (0.037. 0.032) exerted a positive direct effect on grain yield in both years, respectively. While plant stand per plot (-0.082, -0.037) and days to 50% silking (-0.378, -0.499) exerted a negative direct effect on grain yield (t ha -1 ). However, plant stand per plot and days to 50% silking exerted an indirect effect on grain yield (t ha -1 ) via field weight (kg) and days to 50% tasselling, respectively in both years.
At genotypic level
The partitioning of the genotypic correlation coefficients into direct and indirect effects through path coefficient analysis in 2016 and 2017 are presented in Table 4 . In 2016, days to 50% silking (2.750), field weight (kg) (1.151) and the number of ears harvested (0.235) had high positive direct effects on grain yield (t ha -1 ). In 2017, days to 50% silking (1.103), field weight (kg) (1.025), anthesis-silking interval (0.333), ear height (cm) (0.147) and the number of ears harvested (0.070) had a positive direct effect on ). Days to 50% tasselling, anthesis-silking interval, plant height (cm), and ear height (cm) exerted indirect effect on grain yield (t ha -1 ) through days to 50% silking while plant stands per plot exerted indirect effect on grain yield (t ha -1 ) through field weight (kg) in 2016. In 2017 however, days to 50% silking exerted an indirect effect on grain yield (t ha -1 ) via days to 50% tasselling while plant stands per plot and plant height (cm) exerted an indirect effect on grain yield (t ha -1 ) via field weight (kg).
DISCUSSION
Correlation coefficients (both phenotypic and genotypic) help determine the relationship between and among traits. Generally, the correlation among traits is attributed to genetic and environmental factors. The phenotypic correlations arise from both environmental and genetic factors and can be marked out by measuring the phenotype while the genetic correlations arise from genetic factors because they give information about the level of relationship between two traits which is additive, crucial in ensuring effective selection [16] . The significant positive correlation between two characters indicates that such characters can be improved simultaneously in a selection programme due to the strong relationship between both characters [17, 18] . Hence, the positive and significant correlation between plant stands per plot, number of ears harvested and field weight (kg) with grain yield (t ha -1 ) in both years at both phenotypic and genotypic levels in this study show their influence on grain yield (t ha -1 ), implying that these characters are very important that may be considered for indirect selection to improve grain yield (t ha -1 ). Similar results were reported earlier in maize on different characters viz., for the association of grain yield with field weight [19] , the number of ears harvested [20, 21] and plant stand per plot [20] . The results also showed highly significant interrelationships between the following pairs of traits for both years understudy at both phenotypic and genotypic levels, respectively: days to 50% tasselling and days to 50% silking (r p = 0.974, 0.931; r g = 0.992, 0.954); plant height (cm) and ear height (cm) (r p = 0.797, 0.898; r g = 0.869,0.991); plant stands per plot and number of ears harvested (r p = 0.939, 0.842; r g = 1.000, 0.856); plant stands per plot and field weight (kg) (r p = 0.691, 0.668; r g = 0.696, 0.645); number of ears harvested and field weight (kg) (r p = 0.747, 0.687; r g = 0.765, 0.651). Several authors including [22, 23, 19, 24, 20, 25, 21, 26] have observed and reported similar significant positive correlation among days to 50% tasselling and days to 50% silking, plant height (cm) and ear height (cm) and plant stands per plot and number of ears harvested. The near-perfect association between days to 50% tasselling and days to 50% silking for both years as well as between plant height (cm) and ear height (cm) and plant stands per plot and number of ears harvested suggests that these characters are controlled by the same gene, indicating that the selection of one character automatically leads to the selection of the other.
Correlation between grain yield and its components only measures the mutual associations without regards to causation. Path analysis goes beyond that as it indicates the causes and measures the importance of each character to yield by partitioning correlation coefficients into components of direct and indirect causes of association. In this study, field weight (kg) and the number of ears harvested had positive direct effects on grain yield (t ha -1 ) in both 2016 and 2017 and at both phenotypic and genotypic levels. This indicates that direct selection for these traits will improve grain yield (t ha -1 ) in maize. The results were supported by earlier findings of Adu et al. [20] for the number of ears harvested and [27] for field weight (kg). The negative direct effects observed for some of the traits in both years at both phenotypic and genotypic levels indicate that these traits only contribute to grain yield (t ha -1 ) mainly through their high and positive indirect effects on other characters in the respective years.
CONCLUSION
In this study, the number of ears harvested and field weight appeared to be the prominent characters that could be used in selecting for high grain yield, because of their highly significant genotypic and phenotypic correlations with grain yield. These characters also had the highest direct and indirect effects through most of the other characters. It is therefore concluded that these agronomic parameters could be considered as important selection criteria in improving synthetic maize varieties for high grain yield.
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